Take-home message: Frailty, a recent concept for evaluation of elderly, may help physicians in their decision-making. We showed that frailty was frequent in ICUs patients aged 65 or more, independently associated with ICU and 6 months mortalities, and better predicts outcome than usual ICU illness scores.
Abstract Purpose: Frailty is a recent concept used for evaluating elderly individuals. Our study determined the prevalence of frailty in intensive care unit (ICU) patients and its impact on the rate of mortality. Methods: A multicenter, prospective, observational study performed in four ICUs in France included 196 patients aged C65 years hospitalized for [24 h during a 6-month study period. Frailty was determined using the frailty phenotype (FP) and the clinical frailty score (CFS). The patients were separated as follows: FP score \3 or C3 and CFS \5 or C5. Results: Frailty was observed in 41 and 23 % of patients on the basis of an FP score C3 and a CFS C5, respectively. At admission to the ICU, the Simplified Acute Physiology Score II (SAPS II) and Sequential Organ Failure Assessment (SOFA) scores did not differ between the frail and nonfrail patients. In the multivariate analysis, the risk factors for ICU mortality were FP score C3 [hazard ratio (HR), 3.3; 95 % confidence interval (CI), 1.6-6.6; p \ 0.001], male gender (HR, 2.4; 95 % CI, 1.1-5.3; p = 0.026), cardiac arrest before admission (HR, 2.8; 95 % CI, 1.1-7.4; p = 0.036), SAPS II score C46 (HR, 2.6; 95 % CI, 1.2-5.3; p = 0.011), and brain injury before admission (HR, 3.5; 95 % CI, 1.6-7.7; p = 0.002). The risk factors for 6-month mortality were a CFS C5 (HR, 2.4; 95 % CI, 1.49-3.87; p \ 0.001) and a SOFA score C7 (HR, 2.2; 95 % CI, 1.35-3.64; p = 0.002). An increased CFS was associated with significant incremental hospital and 6-month mortalities.
Introduction
With increased life expectancy and improved medicosurgical procedures, the number of elderly patients admitted to intensive care units (ICUs) has been increasing and is expected to increase dramatically in the next decade [1] [2] [3] . However, controversies exist regarding aging as a risk factor for mortality in ICUs. Currently, identifying elderly patients who may or may not benefit from intensive treatment remains challenging, and the final decisions may be subjective [4] [5] [6] [7] [8] [9] [10] . The scoring systems currently used do not precisely assess co-morbidity and prehospital functional status or disability. Moreover, the mechanisms underlying the aging process are heterogeneous. Therefore, clinicians need a method for quantifying the interindividual variability in aging rate [11] .
To achieve this objective, frailty has been recently established as a concept that is primarily investigated in the elderly population and is distinct from disability or comorbidity [12, 13] . Frailty is characterized by a loss of physiological reserves and, consequently, an inability to maintain homeostasis to combat a disease or injury [12, 13] . The common signs and symptoms of frailty include fatigue, weight loss, weakness, low activity level, slow motor performance, and cognitive loss [12, 14] . Frailty has been associated with increased morbidity and mortality in emergency and geriatric medicine and surgery [15, 16] , but it has been poorly investigated in critically ill patients [17, 18] . Therefore, understanding the relationship between frailty and ICU outcomes is becoming increasingly important.
The aim of our study was to determine the prevalence of frailty and the impact of frailty on mortality in a prospective cohort of patients aged 65 years or more who were admitted to ICUs.
Materials and methods
This prospective, observational study was conducted in four university-affiliated hospitals in France (Rennes, Nantes, Angers, and Poitiers). Recruitment was conducted from 1 November 2011 to 1 May 2012. As a non-interventional study, the local ethics committee waived the need for informed consent according to French legislation (Comité d'Ethique du CHU de Rennes, France, No. 11.39).
All of the patients aged C65 years and hospitalized for [24 h in the ICU were considered to be eligible for inclusion in the study. Patients were excluded if they had no proxies or could not be interviewed. For patients readmitted to the ICU, only the first ICU hospitalization was considered. All of the patients included in the study were followed for 6 months or until death.
Data collection
Age, gender, and body mass index were recorded for each patient at the time of ICU admission. The reasons for ICU admission (medical, scheduled and unscheduled surgery, and trauma) and, more specifically, data regarding brain injury, cardiac arrest, and the presence of an infection at the time of ICU admission were collected. The severity of illness was assessed according to the Simplified Acute Physiology Score II (SAPS II) [19] , the modified SAPS II (SAPS II without age) score, the Sequential Organ Failure Assessment (SOFA) score [20] , and the Glasgow Coma Scale. Life expectancy was estimated using the McCabe classification [21] .
During the patients' hospitalization, the following data were collected: the occurrence of severe sepsis, septic shock, acute renal failure, and acute respiratory distress syndrome; the number of acquired infections per patient; the need for dialysis; the duration of mechanical ventilation; and the need for surgery [22, 23] . The use of corticosteroids, neuromuscular blocking agents, and vasopressors was recorded. The rates of limitation and discontinued treatment were also documented.
The multidimensional syndrome of frailty in elderly, critically ill patients was assessed using two scales [12, 17] . There is no clear consensus regarding the definition of frailty, and, schematically, two operational approaches have been proposed [13] . Fried et al. validated the first operational definition, i.e., the frailty phenotype (FP), which views frailty as a biological syndrome resulting from cumulative decline across multiple physiological systems and contains five criteria (shrinking, weakness, slowness, low-level physical activity, and self-reported exhaustion) [12, 24] . All five components were considered from the previously reported definition and adapted to the ICU environment [ Table 1 , electronic supplementary material (ESM)] [12, 24] . The patients were considered to be frail if they had three or more frailty components among the five criteria [12] . The second scale, the clinical frailty score (CFS), which has been adapted from the clinical frailty scale developed by Rockwood et al., views frailty as a multidimensional risk state that can be better measured by the quantity rather than by the nature of the health problems (cumulative deficit model) [17, 25] . The CFS ranges from 1 (very fit) to 9 (terminally ill), with frailty ranging from scores of 5-8 (mildly, moderately, severely, and very severely frail). The patients were considered to be frail when the CFS was C5 (Table 2, ESM) [17] . Moreover, the FP score and the CFS were each separated into four categories (from nonfrail to the most severely frail/terminally ill; FP score 0, 1-2, 3, and [3 and CFS 1-3, 4, 5, and [5) , and the hospital and 6-month mortalities were studied for each category.
Furthermore, disability was quantified using the Katz Index of Independence in Activities of Daily Living (ADL), which assesses the ability of patients to perform the daily activities of bathing, dressing, toileting, transferring, continence, and feeding. This index correlates with physical dependence. Patient dependence was described in one of two manners for each function: independent (1 point) or dependent (0 point). The ADL score ranges from 0 (complete dependence) to 6 (complete independence) [26] . The burden of co-morbidity was quantified using the Charlson Co-morbidity Index, which is based on the assignment of co-morbidities observed in patients in one of several categories [27] . A weighted score is assigned to each co-morbidity on the basis of the relative risk of 1-year mortality. The sum of the index scores is an indicator of disease burden and a predictor of death [27] . Memory status was assessed by asking relatives if they had noticed whether the patient had exhibited memory problems in the last 6 months. It was quantified as present if the patient had trouble remembering the names of people he/she had recently met, had trouble remembering the flow of a conversation, and had an increased tendency to misplace items.
The FP, CFS, Katz Index of Independence in ADL, and presence or absence of a memory disorder were obtained as soon as possible from the patient, when possible, or his/her relatives. The Charlson Co-morbidity Index was obtained from the patient, when possible, or his/her relatives [spouse, children, and sibling(s)]; the referring physician; and the patient's medical charts. Moreover, on the basis of the possible interference between these scores and the acute illness requiring ICU admission, the patient or his/her relatives were asked to extrapolate the patient's status 1-month before hospital admission.
The ICU and hospital lengths of stay and the ICU, hospital, and 6-month mortalities were recorded. Finally, for all of the patients who survived the ICU, their final location (home, hospital, or other institution) after 6 months was recorded.
Statistical analysis
All of the statistical analyses were performed using SAS 9.1 Statistical Software (SAS Institute, Cary, NC, USA). The quantitative variables are expressed as the mean ± standard deviation, and the qualitative variables are expressed as numbers (percentages). The patients were divided into two independent groups, namely, frail and nonfrail patients, on the basis of an FP score \3 or C3 and a CFS \5 or C5, respectively. For descriptive statistics, the categorical variables were compared using the v 2 test or Fisher's exact test, as required. The continuous variables were compared using Student's t test. The survival variables were compared using the log rank test, and Kaplan-Meier survival curves were constructed.
To build the model for multivariate analysis, we selected among the variables with a p B 0.20 according to the univariate analysis. Subsequently, survival regression (Cox proportional hazard model) was performed to identify the independent factors associated with ICU and 6-month mortalities. The hazard ratios (HRs) and 95 % confidence intervals (95 % CIs) were calculated. The model fit and calibration were assessed using the c-index. A p \ 0.05 was considered to be statistically significant for all of the comparisons.
Results
During the 6-month study period, 961 patients were admitted to the ICUs. A total of 309 elderly patients C65 years old, hospitalized [24 h, and consecutively admitted to the ICUs were assessed for eligibility, and 196 were analyzed (Rennes, n = 107; Nantes, n = 49; Angers, n = 22; and Poitiers, n = 18) (Fig. 1, ESM) . Details regarding the ICUs and institutions from which the patients were recruited are presented in Table 3 of the ESM. The frailty data were collected at the time of admission by querying the patients (31 %), their relatives (61 %), or both (8 %).
Frailty was observed in 80 patients (41 %) and 46 patients (23 %) of the 196 patients on the basis of an FP score C3 and a CFS C5, respectively ( Table 1 ). The CFS was significantly correlated with the FP score (R 2 = 0.66, p \ 0.001). At baseline, frail patients had significantly higher numbers of severe underlying diseases, co-morbidities, disabilities, and memory disorders (Table 1) . During ICU hospitalization, the limitation or discontinuation of treatment was significantly more frequent in patients who had a CFS C5 (Table 2 ). There were no differences in ICU and hospital lengths of stay between the frail and nonfrail patients, regardless of the measurement modalities used to assess frailty ( Table 2 ). Figure 1 depicts survival probability according to the FP score and CFS status. Only ICU mortality was higher among frail-FP patients, whereas frail-CFS patients had significantly higher ICU, hospital, and 6-month mortality rates (Fig. 2) . According to the CFS, nonfrail patients were more likely to live at home (Fig. 2) . Quantitative and qualitative values are expressed as the mean ± SD or median (interquartile range) and n (%) ARDS acute respiratory distress syndrome, FP frailty phenotype, CFS clinical frailty score Table 3 provides hospital and 6-month mortality rates according to the increasing levels of the FP scores and CFSs. An increase in the CFS was associated with significant incremental hospital and 6-month mortalities.
The univariate analysis of ICU and 6-month mortalities is provided in Tables 4 and 5 in the ESM. In the multivariate analysis, the risk factors for ICU mortality were an FP score C3 (HR, 3.3; 95 % CI, 1.6-6.6; 
Discussion
In this prospective study involving ICU patients C65 years old, 41 and 23 % were considered to be frail at the time of admission according to the FP score and CFS, respectively. Frailty constitutes an independent risk factor for ICU and 6-month mortalities. These results are consistent with a recent study performed in a younger population of ICU patients aged C50 years, which showed that frailty evaluated by the CFS was associated with an increased risk of adverse events, morbidity, and mortality [18] . In our study, age did not appear to be a predictive factor of death; however, this result is a controversial issue. Recently, a large retrospective study in patients C75 years of age reported a linear increase in the adjusted mortality probability at 28 days from ICU admission and at 1 year among the 28-day ICU survivors [9] . Similarly, aging was independently associated with a higher mortality rate in patients suffering from circulatory failure [28] . Nevertheless, evidence suggests that factors other than age itself, notably, previous health status, play a pivotal role in outcome [4, 10] . In a medical ICU, in patients C80 years old, long-term mortality was shown to be independently associated with the presence of an underlying fatal disease and severe functional limitations [4] . Similarly, although focused on the long-term quality of life after ICU admission, a reduction in health-related quality of life was observed up to 36 months after ICU admission and was related to the effects of pre-existing diseases [10] .
To better define long-term outcomes in elderly individuals, it is important to include other parameters, such as disability and co-morbidity, rather than chronologic age and the common illness severity scores [29] . Frailty is a state of increased vulnerability in elderly adults, which is distinct from disability and co-morbidity; however, an overlap exists between these entities [14] . The prevalence of frailty is approximately 7 % in the general population C65 years old [12, 14] , although a higher prevalence ([40 %) has been reported, particularly in patients who are hospitalized for various reasons [14, 25, 30, 31] ; these prevalence differences could be a result of the different frailty models used [32] . Geriatric frail patients are predisposed to hospitalization, institutionalization, and decreased survival [14, 25, 31] . Frailty was identified to be a major predictor of postoperative complications and death after scheduled or unscheduled surgery [16, 30] .
It is not surprising that several components of a preexisting frailty syndrome may compromise rehabilitation and outcome. An ICU hospitalization is an exhausting experience; after discharge from the ICU, the majority of patients have early substantial functional disabilities in ADL [33] . We studied long-term mortality but did not evaluate health-related quality of life (HRQOL), which has been controversially reported to be impaired in the elderly after ICU discharge [34, 35] . Nevertheless, frail ICU patients reportedly had a lower HRQOL at 6 and 12 months, regardless of their physical and mental status, which reinforces the importance of the ''frail'' versus ''nonfrail'' status at the time of admission [18] . Moreover, in the ICU, severe weakness is recognized to be a complication that, in turn, significantly impacts the recovery and return to former functional status of patients who survive organ failures [36] . Although valid for all patients, these points are more important for elderly 10 (37) 16 (59) 20 (74) * For CFS = 9, n = 0 Log rank test individuals. The early recognition of frailty may help to identify targets for interventions to reduce the functional decline related to critical illness and ICU stay [36, 37] . Our results are consistent with those in previous reports, performed in areas other than ICUs [25, 38] . Frailty, independent of age, is a risk factor for ICU and 6-month mortalities. Notably, the FP score is associated with ICU mortality, whereas the CFS is associated with 6-month mortality. The assessment of functional measures provided by the FP score may be subjective, particularly when ascertained from surrogate decisionmakers or family, and may explain the differences between the two scores. However, two operational definitions of frailty, namely, the FP score and CFS, were proposed because they responded to two different approaches regarding the concept of frailty, and they capture related but distinct groups of patients. In a recent study performed in a geriatric population, the prevalence of frailty ranged from 6 to 45 % when eight commonly used scales were compared [32] . The FP score is known to more precisely evaluate sarcopenia and decreased functional reserves with the loss of resilience to stressors and is likely to be more relevant for the ICU environment. The CFS, which explores the physical aspects and the environmental spectrum, appears to be more relevant for delayed mortality [13] .
Upon first admission to the ICU, frail patients were more dependent and had more memory problems and comorbidities than nonfrail patients; however, the common markers of illness severity at the time of admission and during hospitalization were not different between frail and nonfrail patients. The severity of illness scoring systems used in the ICU (i.e., APACHE II, SAPS II, and SOFA) are largely dominated by the assessment of acute physiological derangements that are present at the time of admission, although several researchers incorporate a limited assessment of confirmed advanced co-morbid illnesses [17, 39] . This point underscores the importance of determining the frailty status in ICU patients to assess the need for increasing the duration of hospitalization and institutionalization and to predict mortality.
Our study has several limitations. For example, the threshold of 65 years of age used for patient inclusion in this study may be criticized. Nevertheless, it is generally accepted that elderly individuals are at least 65 years old. The threshold of C65 years old has been frequently used to characterize frailty in ICU patients, although frailty may also exist in younger individuals [12, 18, 24, 25] . Several components of the FP score, notably those that evaluate performance, were difficult to explore in ICU patients, which could explain the differences between the FP scores and CFS [12, 24] . In accordance with a geriatrician's advice, we chose to interpret slowness as difficulty walking while aided and the occurrence of a fall. Other components of frailty were easier to translate because clear substitutes were available [24] . The majority of the questionnaires, notably those for the FP score, were completed by the next-of-kin and may be over-or underscored as a consequence. However, in the ICU, this approach is routine and can be considered to be the ''real life'' and pragmatic approach, although the nextof-kin tend to underestimate the patient's abilities and the degree of family ties may modify the relevance of the responses [40, 41] . Finally, during ICU hospitalization, the limitation or discontinuation of treatment was more frequent in frail patients and may have contributed to the increased mortality rates in these patients. This potential bias is difficult to avoid because the weight of the frailty status in the decisions to withhold/withdraw therapy has not been studied; other factors are usually considered in these types of decisions. Similarly, 20 % of our patients suffered a brain injury and 8 % suffered cardiac arrest; thus, it could be argued that in these patients, the decision of whether to withdraw support may be different for frail and nonfrail patients. Nevertheless, we did not find any difference in the support withdrawal practice between these patient subgroups (Tables 6 and 7 , ESM) or between the four ICUs studied (Tables 8 and 9 , ESM).
Conclusions
As the number of elderly patient admissions to the ICU continues to increase, physicians must identify the predictive factors of mortality. At the time of admission, the common markers of illness severity (SAPS II and SOFA), as assessed by ICU physicians, did not differ between the frail and nonfrail patients. The frailty status is frequently assessed and allows for a better definition of the risk of death in elderly patients, particularly using the CFS, although the use of the frailty score in decision-making regarding the withdrawal of support must be approached with caution.
